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(57) Abstract: A boundary condition-carrying motion equa- 
tion relating to the future center-of-gravity horizontal path of a 
robot is solved so that moment around a horizontal axis around 
a point in a supporting polygon at ground contact is zero or 
a horizontal-direction translation force at no ground contact is 
zero, and a continuous connection to the current center-of-grav- 
ity horizontal position/speed is ensured, a boundary condition- 
carrying motion equation relating to the future center-of-grav- 
ity vertical path of a robot is solved so that a vertical-direction 
translation force excluding gravity acting at no ground contact 
is zero, and a continuous connection to the current center-of- 
gravity vertical position/speed is ensured, and the next-clock 
motion status is determined so that moment around center-of- 
gravity moment at no ground contact is zero and the above de- 
termined center-of-gravity position is realized. Accordingly, a 
stable motion pattern for transition between ground contact and 
no ground contact can be generated in real time. 
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±#:M«P:^#Rsmitffirp3^3 4. mi^m^mmMm.wmn3 5^ m'^iSLm^mm. 
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M = n + {x-p)xf (5) 
mx=f-mg (6) 

Ji|5(D^ (5) :SiT>* (6) (Df^^il^s MMi«x (x, y, z) tcRl^lJP^tb 
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20 X = x-p^ (11) 
Z = z — = const (12) 
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^(0) = P.(0) + Q+Q 
^(0) = A(0) + ^(Q-Ca) 

xiT) = (T) + Q exp(AT) + Q cxpi-ZT) ^ ^ ^ ^ 

= /'x CT) + ^{Q exp(Ar) - Q exp(-Ar)} 
;*:|liS?^ST*tt. IWl^SjnTHiy h(D-^®311b^. Jiizli 

5 ^LTV>-5„ 

T(^±^ (15) f4— ^<Z)E^ i ^::*3V^TeJ^T<^J:9^::^fc>$H5o 

•^M = Pxl-1 + ^/ (Ql - ) (16) 

Xi = + Q, exp(;i,7; ) + exp(-A,7; ) 
Xf = P:,+ A {Q, exp(A,7; ) - Q, exp(-A,r, )} 
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mx = 0 (17) 
;c = Ci+C2/ (18) 

^ ^ ^ (19) 
x(T) = Q+C^T 
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v\ mm i-itm.mi <Dmmci3i-f?,iiLm:BLVimt<Dmm^m^s mm-r^m. 
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' (2 2) 



xi-2 
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+ + Q/ = + Qz-i^M (23) 
- Q,) = C,,_, (2 4) 

(3) |S:r^i-l>OS^Jt&^l?, ISFra i 3«)54ig|^(^^ 

±m(D^ (1 6) ^tj«^ (2 0) mmi-i:6^hM.fcy.iRx^^(Dmm^ 

Q/ = Pxi-x + exp(A,_,r,_i ) + C2,.i exp(- V,7;_i ) (25) 
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Ca.- = +A,.,{C,,_,exp(A,_,7;..,)-C„._,exp(-;i,.,r,_,): (2 6) 

■'i-i 

(4) iH:^ii-i}6s^m«T% u.miiim^mm(Dm^ 

_blB<^)^ (2 0) J; 15. ISPbT i -l;&^e>^fcxi^tt;«-?:<^it£l^:5>dx,/d t 

5 = + Q,_ir,_i (2 7) 

^ ^2z-i (28) 
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(3 6) 
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mmmmx*n ( i = i . . n) ^mm^fju^^o mmm.mTt>^'Pti: < i: t> i o# 

^-rtlit, ZMP^agp,i«:2oSA±#:eE-r5<^T\ ^^©l^f* 2 N+ 2m± 
ti:?>fcisb. McMitmrntLX-m^WL^o m:ti'i. ±m<D^ (21) ~ (3 6) 
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b-C'b^V\ *^^^;iS:g*tt{^. ^ifeKP^IfnMU-C^J::^ (1 3) ^ffiV^-C. 

M^tfjEP^IiiiMbTfii^ (18) ^fflv^-c. H-iiiUfcSl!j^^1i^(^^iit(Z)^M 

15 mn^-^Him^hfL^o •rts:^^. ±^ (6) -ef ,= o<i:i-s,i:. ^(Dzm^n. 

mz = -mg (3 8) 

1 9 



(3 7) 




(4 0) 



(4 1) 
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mm (o^ti^h-r. ^mi-2(om^ ift^m Kmvxh. ±^ (42) 
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25 m.xm^\^ity>-r^x^\z\^xhx^\ 
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(43) 



5 hi^^isfbI i + 1 fiiEF^ i - 1 (o^^hm^fa t) . ^m>^wm.Wi i + 2 \zm^ 

^tb^^-^Tfc^o ::i<^J; p^^em-a-x KP^I i i:<D^# (^^O (4 3) 

^f^tb-C©^ (1) .1:. ^^«feS5tc*5{tSlft;^^6<ji^m^fit=i:UTO^ (2) 
25 TV^5o 
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S 1 2)„ -t->fe^*>. -h^ (2 1) ~ (2 8) ^CS-:JV^-C. b P 

i5';^j;:i^^i-6„ iizE Life J; 5 mm^w<o^M^\-i. ^-r?>mmtmmm. 

(3 2). i^^m^^mt±.^ (3 3) ~ (3 6) i,cx^x^ti^n-^K.hth^-AK 
20 ;^ 7" 5/ >^ s 1 2 ^it>* s 1 3 bfc^^*:#{w 2 mYmmmm 

37] 7|^^#.mCa, (i=l..N) iS.tJ«ZMP{iep,i (i = l.. 

N) ^^:s-t-5o 

bTfi±^ (18) ^ffiv>Sri:T% 'ttjt<^^^JJ3:*3(t5fi'L-«7K¥<£KS.t)?5tS 
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1 6)0 mmimmm^^i-f^M't-mm.iiLmRv^mmn. ±^(42) (4 
m-t^o *fc. mi^mmmkmw^\^ti:\^^i^mm.m\m\^xn. -yn^^ 

15 ±izli Lfc J: 5 ^cC^S«o^m> W<7)S'L^ME{4Bmat fi;^ x 5/ :7° s i 5 
ij;jiOUiP^5e)=»bfiJSJ:5tJ:s UT<D^ (1) Xfi (2) 

— X = II (44) 

25 ^±m<o^ (4 4) tcf^5Ab«5>i-5::^=t?. £j^TJ-^-r:^|jS«J*iS#IiJi:^^iff 
L = const = L (4 5) 
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R2> 
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U» ^ LS» ^ lb) ^-S^ 



a J \ :fe^M«S:^?r9L= (9^, 9^2, 9^3, 9 

9rs, 9 J \ 



9 = 



Or. 



<9, 



(46) 



tt^ (4 7). (4 8). (4 9). (5 0) izm-t^^iC. ^ = If T V J SrfflV^TlB 
«i=^«,9 (4 7) 

Pi = Jp,q (4 8) 

i: = 7,^ (4 9) 

L = J^q (5 0) 
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(1) ^^fe^^tcM-r5j6im^# 
5 ±^ (4 7) ^^:*3v^T. ^mv (onm^nK j^js^E-^^mit^^pa 

=^,,^ = ^i, (5 1) 

d,^=J^J = d,^ (5 2) 
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W-mi^m^-r?>m.mmmi!)mmmmx*h?>m^it. y 2 e (o^^t l 
20 -t^^tx^ mmmwi^<^mwm'¥(Dmm7!)^^Tir^ c^t^^/^^ss 5)„ 

7"s/:7'S3 8)0 

m^^^ii^n. :^=ry~fs 2. 2,\z.^\--x^'m'mk(ommm^t^u^m^hVi'&^ 



wo 2004/041484 



PCT/JP2003/013870 



32 

5 ^ bteis SETT'S 2 7 izio\,^xmmi\m^isihmm^mt^\.m^tmm 

mwmm^wms m^'mm^fmrn.. ^m&Mmm^m 
im.<D-ir-<xtmhfL:^:z.k\zfi^^ thtvi,^ mmMmmz.^mi.\zn\.xw\f 

'Wigs i:/eis-e#5„ mu w^mm\zi^n^ 

w^^^mm\^3 8xn. u±x-^i^^nt:id^mm(Dmii^m^tm'b^m^m 
20 ^-r^xoiz. ^^(DWj^^m^m^mm-^o -t-^^:b-fe>. s^^^. j^js^sg 

25 i: = ^^JCjB (60) 

y^Bi-i^Um'&.T(D^xn^ :i t i)^X^ So 
dXs = J^'dx (6 1) 



wo 2004/041484 



PCT/JP2003/013870 



33 

5 ta^-v^^o 

Xs =x„ +Jjdx ^6 2) 

f^m^\i. ^ (6 2) ^^«9iiLffiv>T. um^-^':i^A^^<fi:^i^xm.-m^n^ 
10 MSfi^»mgp 3 9 T'f*. K^:5!^^psifi5 3 8 xmhin.fz.^^n<DmmtM. ^ 



wo 2004/041484 



PCT/JP2003/013870 



34 

SJS;'3^?:/i^ (f i~f 8) m^m^-^^^-^ (d i~d 8) 'Rmmm^i^'^ (A 

2, A 3), mii^^^n (G2, OS) ?fe^^©^r^^f-^ffiV^T|l^^(D^#-/ h(D 

iiffl 

20 t>. mmK^^m^mm-t^^ta^x^^o 

m-t^ic. m7skt^,^bjf^mx:$^mm^m7r:\^x^rz(Dxh^ . :^m^m<Dmm. 
p^^^m^mzim^ir^^^xi'^ti:\^\ :^^m<D^w^¥mir^f:zma-t. mm 

25 mm±<Dmm-^mm 



wo 2004/041484 



PCT/JP2003/013870 



35 

1 9 8 5^, pp. 4 5 0 1 -4 5 0 9), • H • l/^/^— b (Ma 

rc H. Raibert) ^2^^ T 3 ^TC^H^xIn f^/^' • -ei/:/Sr^V^/c^^ 

(Experiments In Balance with 
10 a 3D one— Legged Hopping Machine)j (nTjNyh 
W^icm-t?>mmWm^ (the international Journal 
of Robotics Research)^ 1984^^ Vol. 3^ No. 

2. pp. 7 5-9 2) Tfe^) \izit-^xmi±xh^„ ^mmiz^f^^i-i. 

y). mf- mm^j^t'(Dmmmm^^t^x^f^mtf:mW}umWi^^\^x\^^^h(Di^ 
\^tz.^^—mmj^^^mnt^:Lti)^x%:b(DX\ ^w^^mmTL^. m±. 



wo 2004/041484 



PCT/JP2003/013870 



36 



wo 2004/041484 



PCT/JP2003/013870 



37 

15 ^^l^i:. 

20 ^M.m'r?>^t^mmtir^u:^^y hmMo 

25 ;i.b«r#mi:i-StS*«l Jc|B«fe<^n7}?5/ h^gg. 



wo 2004/041484 



PCT/JP2003/013870 



38 

10 

^i:^#mi:^sf«*«ii-fam<^D4?5/ vrnMo 



wo 2004/041484 



PCT/JP2003/013870 



39 



wo 2004/041484 



PCT/JP2003/013870 



40 

t>miB«'i>Sii:fig«/iii^^^^t3iJ; t)^^$ttfc«'L>fi[g^«fc-t-J; 5 tc:. <^ 

ft. 



wo 2004/041484 



PCT/JP2003/013870 



41 

25 



wo 2004/041484 



PCT/JP2003/013870 



42 

10 

15 m3l^^:^v^5^:7"i:. 
25 



wo 2004/041484 



PCT/JP2003/013870 




wo 2004/041484 



PCT/JP2003/013870 




mz 



wo 2004/041484 



PCT/JP2003/013870 



3/9 



A*S|J3A 



3h: 







|IIjI±J?&^31 



/ 



/ 



7 



z 



i>l3i»1gl537 

Z3= 



1113 



wo 2004/041484 



PCT/JP2003/013870 



4/9 



SI - 



S2 - 



S3 ~ 



S4 - 



S5 - 



S6 - 



S7 - 



c 



SS7 



1114 



wo 2004/041484 



PCT/JP2003/013870 



5/9 

i4M(XR2,YR2,ZR2) 




me 



wo 2004/041484 



PCT/JP2003/013870 




wo 2004/041484 PCT/JP2003/013870 



7/9 



L 



ZMP^3)5:J-Kig>J±^ p S11 



S14 - 



} 



S13 



SI6 - 



S17 - 







|- S15 




r 


















h 




7 



7 fea^ 



C 



^7 




wo 2004/041484 



PCT/JP2003/013870 



8/9 




10 



wo 2004/041484 



PCT/JP2003/013870 




No 



▼ ^ T ^ ^ S29 




.S24 



S25 



-S30 



.S31 




V 



T 



S26 



S3 2 

S33 



I- — 



S39v V 



I 



S37 



i > 



-£1 



S38 



S36 



} 



1 ^rr^ 



^^^^ 



ai 1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/13870 



A. CLASSmCATION OF SUBJECT MATTER 
Int.Cl^ B25J5/00 



According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int.Cl'^ B25J1/00-21/02 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho ' 1922-1996 Toroku Jitsuyo Shinan Kbho 1994-2004 

Kokai Jitsuyo Shinan Koho 1971-2004 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
JOIS(JICST) 



C, DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P,X 



WO 03/57426 Al (Honda Motor Co., Ltd.), 
17 July, 2003 (17.07.03), 

Page 63, line 10 to page 67, line 8; page 122, 
line 3 to page 123, line 9 
(Family: none) 



1-19 



[ I Further documents are listed in the continuation of Box C. | | See patent family annex. 



♦ Special categories of cited documents: "T" 
"A" document defining the general state of the art which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the international fih'ng "X*' 

date 

*V document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other "Y" 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"F* document published prior to the international filing date but later 
than the priority date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
02 February, 2004 (02.02.04) 


Date of mailing of the international search report 

17 February, 2004 (17.02.04) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1998) 



mmm^ pct/jpo3/i38 7o 



A. fsm<om-r?>^m<o»m (a^^fw^® ( i p c) ) 






Int.Cl.7 B25J 5/00 








m^'tn^fc&^mmn m^ii^f^m. (i po ) 






Int. CI. 7 B 2 5 J 1/0 0-2 1/0 2 







0:*:Hllffl*f|g^« 1922-199 6^ 

B*H^MIIffltf|g<i>^ 1971-200 4^ 

B^lcffl^il^^ffliTlg^^ 1994-2004^ 



S^-e^b:fe:fi^7'— ^''<— ;^ (9*— ^"<— ^^©^li^v ufcffl^) 

j 6 I S ( J I C S T) 



px 



wo 03/57426 Al (;*cfflg^WX||t5fe^^1±) ,200 

3.0 7.1 7, me 3Mmi on-me Twrnsn. mi 2 2h 



1-19 



TAJ «|#{C|ijg<D$>5itifc-ett/j;<. -^6<jfi£$lf7lcJP*:^-r 



TTJ Hl^ttMBXf4M5feB^t-45f«Stufcm-eiS!>o-C 

mm 1 9tm-t^ «>T?tt!fc < , ?m<r>wimx\tmsi 
rxj #iJ:iljl<Dfcs:S:m-cfeoT, ^i^s:gfc«73^-^?isi^ 

r&j 1^— /^x:^ h7r 5 y— 



02. 02. 2004 



Hi^s3M^©3SisiH 17. 2. 2004 



B^Bil^fFiT (I SA/J P) 
100-8915 



3C 



3 118 



03-3581-1101 



3 3 2 4 



:^S:PCT/I SA/2 1 0. (m2'<-i^) (1 9 9 8^7^) 



